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 Abstract  
Being as a relatively new approach of signalling, moving-block scheme significantly increases line 
capacity, especially on congested railways. This paper describes a simulation system for multi-train 
operation under moving-block signalling scheme. The simulator can be used to calculate minimum 
headways and safety characteristics under pre-set timetables or headways and different geographic an 
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CASE STUDY 1 
Creative Team:  
 Shane Thompson (Team Leader), Principal, BVN Architecture 
 Morgan Corkill, Senior Architect, BVN Architecture 
 Duncan Betts Architectural Graduate, BVN Architecture 
 John Ilett, Principal, EDAW/AECOM, Landscape Architecture  
 Andrew Neighbour, Associate, EDAW/AECOM Landscape Architecture 
 Jeff Humphreys, Director, Humphreys Reynolds Perkins Town Planners 
 Andrew Bock, Director, Andrew Bock Architects 
 
Urban Planning Strategies 
The public transport corridor bordering the study site runs NW to SE and is perceived as a source of noise 
and pollution. The key urban planning strategies adopted by this team were: 
• Acoustic separation from transport corridor noise source, 
• A regular grid pattern of urban blocks, and  
• A clear hierarchy of accessible open space throughout the development.  
 
 Acoustic separation from transport corridor noise source 
This team proposed two concepts for working with the transport corridor as a site constraint. 
1) a landscape buffer provided distance between housing and the noise source of the train corridor; and, 
2) a barrier building on a long narrow remnant site closest to the rail and bus station. 
 
 
 
 
Fig. (i)  : Conceptual Masterplan by BVN team. 
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The strategy of creating a landscape buffer zone to the transport corridor was investigated further and formed 
an integral part of the concept master plan, contributing to public open space and providing active transport 
routes for cyclists and pedestrians. This green area has a defined public frontage to a street. 
This strategy also enhances the visual experience for local residents, as well as for commuters travelling 
through the corridor.  Vegetation and open space replace the visual monotony of an acoustic barrier wall. 
 
Fig. (ii) Landscape Buffer Indicative Section, BVN Team 
 
The barrier building was conceptualised as a three-storey building sited around the perimeter of the block, 
presenting a blank face to the rail/bus way. Single-loaded apartments and a series of higher towers are 
functionally integrated over a ground-level parking structure with a landscaped courtyard on top. Apartments 
in the perimeter block overlook the street and the courtyard. This strategy presents several feasibility 
problems on the case study site, for example the cost of a podium parking structure. 
 
 A regular grid pattern of urban blocks  
The rationale for the grid pattern proposed is twofold. It is intended to support north-south orientation and 
cross-ventilation for the majority of dwellings, and walkability throughout the precinct with easily discernible 
routes and short distances between street crossings. The „block‟ dimensions are 200 metres running east-west, 
and 60 metres north-south.  Mid-block laneways allow convenient pedestrian connections through blocks 
from one street to another.  Visual access, from the transport corridor buffer zone to the wildlife reserve, is 
also achieved. 
 
 
 
Fig. (iii) Typical block plan, BVN Team 
 
A series of residential types suitable for an urban block based on this grid were proposed including split level 
apartments with lift access on alternate floors (5-6 storeys), single-loaded apartments requiring lift access(4-5 
storeys), walk-up apartments (2-3 storeys), attached houses and town houses (2-3 storeys).  Higher buildings 
are located on the southern edge of the block, and the lower buildings to the north, creating mid-block 
common open spaces that can receive sunshine in winter months and shade in summer.  
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The neighbourhood is composed of low-to-mid rise apartment buildings and street-oriented town houses. 
This supports the concept of „eyes on the street‟ with the physical and social qualities that make streets both 
safe and lively. The public-private interface is directed at attaining continuous, pedestrian-scaled street edges, 
many street-facing dwelling units, many entrances on the street, and transitional public to private zones that 
are individually cared for.   
 
This strategy has a positive effect on public space. All ground floor units have at least two entries: one on the 
street on which it fronts, and another from either an interior corridor or the mews or semi-private shared 
courtyard.  Entries to ground floor units are typically spaced six to ten metres apart, creating a regular 
pedestrian-scaled rhythm.  
 
This strategy affects microclimate as follows. The built form allows northern light to penetrate into the mid-
block common open space, and into lower level apartments throughout the year.  The mid-block space is 
shaded on summer afternoons, and protected from cold winds in winter.  Some dwellings face east and west 
on the shorter block ends. On this alignment, substantial shade trees in the street reserve also shade the 
buildings.  Streets running on the east west alignment are more car-oriented and suitable for transport routes. 
North-south running streets offer ideal orientation for pedestrian footways particularly if lined with buildings 
and trees. Shade is cast in the early morning on one side of the street, and in the late afternoon on the other, 
providing shady pathways for commuters to or from transit stations in summer, or sunny routes in winter.  In 
the middle of the day, shade is overhead on both sides of the street, providing trees are spaced so that their 
canopies overlap. 
 
 A clear hierarchy of accessible open space throughout the development.  
The plan provides a continuum of open space yet clearly demarcates what is private, and what is public space.  
Public open space – streets, landscape buffer zone and nature reserve - are clearly defined and highly 
accessible.  Semi-public open space – mid-block shared spaces - have potential for incidental social 
interactions yet are primarily another stratagem for privacy between adjacent buildings. Private open spaces 
are front yards, terraces, and balconies. This strategy offers a contiguous green network, with both public and 
private plantings contributing to streetscapes, the microclimate and a green identity. 
 
 Summary 
Achieving a net density of 54 du/ha, the overall strategy offers: 
• Multiple services provided by a green buffer zone to the transport corridor. These include noise 
attenuation, visual amenity, community „active‟ transport space, and recreational space. 
• The majority of dwellings face either north or south. Most have both north and south access for 
cross ventilation. 
• The potential for a range of housing types, dwellings and architectural expression, providing a degree 
of diversity of tenure, and of built form. 
• Connectivity, permeability and legibility. Streets connect people with where they want to go through 
visual and physical connections.  
• Activation of the streetscape.  
• Space for trees - maintaining existing mature trees, providing places for trees on site and making 
pervious surfaces and street planting part of the overall plan. 
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The Building and Shared Spaces 
The concept design for a six storey apartment building was selected for detailed analysis. Table 1 below 
describes the parameters which informed the concept cost estimate and ESD analysis. 
 
 
Fig. (iv) Typical Site Section, Urban Block, BVN Team 
 
 
 
Typology Double Loaded Corridor Access/skip stop, alternative position 
Scope One level of basement parking for 43 cars. 
Six levels of residential units above for a total of 43 units.   
FECA 4, 513m2 
Cost estimate $11,131,000 based on concept design 
Rate / sq m $2,466 
Comparable 
range  
$1,877.9/m2 to $2,652/m2 
Allowances 
overall 
$50,000 for hard and soft landscaping 
$70,200 to provide sun-shading to 50% of the window area 
Allowances per 
apartment 
$20,000 Solar panels  
$2,500 Whitegoods   
$4,500 Kitchen joinery 
$3500 Split system airconditioning unit  
Apartment types Two bedroom/two bathroom  – split-level with frontages north and south;  
Two bedroom/two bathroom  - single level with single aspect frontage. 
Vertical access One lift in the building and two stair wells.  
Car park The basement car park is not excavated; overall UDA site level is filled to 2 metres. 
The car park is naturally ventilated. 
External walls 
and party walls 
Rendered masonry (block work) insulated internally with polystyrene (R1.5) and 
lined with Eco-rock on furring channels. 
Roof 
construction 
The roof is comprised of metal sheeting over timber trusses. The ceiling has bulk 
insulation with an R3.5 r-value.  
Internal walls Steel framed partitions with Eco-rock. 
Ceiling heights Various – minimum 2.7m in habitable areas 
Typical finishes 
within the units 
Floors: Solid bamboo flooring system, tiles in the wet areas and high traffic areas.  
Ceiling:  Paint finished to exposed concrete slab ceilings 
Mechanical 
ventilation 
Internalised bathrooms are mechanically ventilated 
Ceiling fans in living, and bedroom areas 
Balustrades Metal 
Fire sprinklers Not required 
Table 1. Parameters for concept cost estimate, Case Study 1 Typology, Double Loaded Corridor Access/skip 
stop, alternative position 
 
 Notes on construction costs 
In terms of the benchmarked construction cost estimate*, this design falls within the average range for 
comparable developments.  In light of the findings of the ESD analysis by Ecolateral, the allowance for solar 
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panels could be transferred to an allowance for solar hot water systems per dwelling. The cost is lower, and 
much less area is required for solar hot water collectors than for photovoltaic solar panels (thin film 
amorphous) to achieve the same reduction in total grid supplied energy inputs. 
 
 
 
      Fig. (v) Typical Dwelling Plans, Six Storey Apartment Building, BVN Team 
 
 Liveability  
The „skip stop‟ model demonstrates features that respond to the subtropical climate. 
• The sheltered central courtyard provides a comfortable outdoor semi-public space. Drawings indicate 
flexibility in the design of communal outdoor spaces. 
• Buildings shield the courtyard space from transport noise.  
• Natural cross- and stack-ventilation cools the courtyard during summer. 
• Vegetation provides visual separation between neighbouring buildings and „rest for eyes‟. 
• Vegetation in the courtyard provides microclimatic benefits such as cooling paths for breezes 
entering dwellings.  
• Adjustable sunshading devices on north-facing balconies control solar access during the day. 
• Party walls that project past the line of balustrades afford some acoustic privacy between balconies.  
• Deep balconies are flexible for various household activities. 
• Metal balustrades allow view and breezes. Privacy to balconies is enhanced through partial screening.  
• The corridors run the length of the building, enabling them to be open at each end, with the potential 
to be naturally lit and ventilated and giving users a direct visual connection to the external 
surroundings. 
• Very little is known about the shared entries to the apartment buildings from the drawings provided 
but the ground floor, street facing apartments have close connection with the street, yet are 
sufficiently separate to support privacy and neighbourliness, as well as the openness and permeability 
required for natural ventilation. 
 
 Findings of the ESD analysis 
Modelling has revealed that on average the design has achieved a good balance between consideration for 
winter and summer conditions. Dwelling units in the building generally perform very well in terms of 
individual unit energy consumption and thermal mass. The anticipated performance, should reverse cycle air-
conditioning units with an Energy Efficiency Ratio EER of 2.9 (minimum efficiency ratio for air-conditioning 
appliances from March 2010) be used, is very good with a low level of heating or cooling energy required, 
according to BERS Pro. The orientation of the units and the well-shaded facades, along with insulated 
external walls all contribute to the overall performance. A summary of the detailed analysis is presented in 
Table 2 below. 
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Factor Performance 
Degree of 
thermal comfort 
The average internal temperature of the units is almost always within the 
acceptable comfort range.   
Natural 
ventilation 
The split level unit design demonstrates good natural ventilation for both 
minimum and maximum external wind speed conditions.  The stair design 
facilitates air movement between levels, assisting breezes to move through 
the entire space. 
Availability of 
daylighting 
While the deep set dining and study areas will require artificial lighting for 
tasks during the day, the daylight levels for the units is reasonable. Skylights 
in top floor units let in additional sunlight but compromise the summer 
thermal comfort. 
Predicted energy 
rating 
Assuming that ceiling fans are used to facilitate cooling, most split level 
units achieve between 7.5 and 9.0 adjusted star rating using the BERS Pro 
software under the conditions specified for approval under the BCA.  The 
top floor units do not perform as well due to the greater heat transfer 
caused by the lightweight roof structure. However, the rating for these 
units is at least 6.0 stars providing ceiling fans are used. 
Energy 
consumption 
Average annual energy consumption density per square metre for the 
overall building and site is calculated as 347kWh/m2/annum.  If air-
conditioning is used, a 5% increase in energy use to 365kWh/m2/annum is 
predicted.  
Renewable 
energy 
The concept design suggests offsetting power consumption using solar 
power, however, a 5% offset would require approximately 25% of the site 
area to host solar panels. Alternatively, solar hot water systems can achieve 
a 25% offset of consumption with 22% of the site area or 5.7m2 per 
dwelling. 
Acoustic 
amenity 
Generally this design provides good acoustic amenity. The buildings are 
separated from the transport corridor by a buffer zone. Within the 
development the basement car park provides good barrier shielding to the 
courtyard, and the articulated screening of balconies allows some acoustic 
privacy between dwellings.  
Average water 
consumption 
Based on the number and type of dwellings in the development, the 
average annual water demand has been calculated as 114,209 L/dwelling 
per annum – an average of 104L/person per day. 
Other factors 
which affect 
overall 
environmental 
performance 
Integration of vegetation/potential for landscaping in the courtyard has a 
positive effect on microclimate, providing „cool paths‟ for breezes entering 
dwellings. 
 Table 2. ESD Evaluation of Case Study 1, Double Loaded Corridor Access/skip stop, alternative position 
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*Modelling – Construction Costs 
 
Quantity Surveyors and construction cost consultants Mitchell Brandtman carried out concept estimates for 
the selected designs prepared by each creative team, using the cost/m2 Fully Enclosed Covered Area (FECA) 
as the methodology. Elemental areas for the various project components were calculated from the drawings 
supplied. Assumptions and clarifications regarding the scope of work and quality of finishes were identified, 
and appropriate costs per square metre were applied to the relevant quantities, utilising Mitchell Brandtman‟s 
cost records for comparable developments.  
 
The cost estimates are based on procurement via a tendered lump sum type building contract. The land 
component and development costs such as professional fees, and authority fees, charges and contributions 
are not included in the estimate. 
____________________________________________________________________________ 
**Modelling – ESD Analysis 
 
Ecolateral Sustainability Consultants were engaged to model and undertake an integrated analysis of four 
typical buildings (one concept selected from each creative team) and typical dwellings within them.  All case 
studies are mid-rise apartments, four to eight storeys high. Expected performance in terms of: thermal 
comfort, natural ventilation, day-lighting, and energy rating based on predicted energy consumption; 
acoustics; and water management was measured.  Measures and benchmarks used in this analysis are provided 
in Ecolateral‟s detailed report. The following information is provided for clarity. 
 
Parameter Measure 
Thermal comfort ASHRAE Standard 55-2004 Acceptable operative temperature ranges for naturally conditioned 
spaces is used. An acceptability range where 8 out of 10 people are satisfied is used. 
Natural ventilation Effective design ventilation rates for minimum and maximum external wind speed 
conditions for Brisbane according to the Test Reference Year weather data are used. 
Availability of 
daylighting 
Measurements are taken at the working plane (1.5m above floor level) for 12 noon 
on 21 September under an overcast sky. 
Predicted Energy 
Rating 
This is an assessment of the capability of the fabric of the building to provide for the 
thermal comfort of the occupants. The BERS Pro software program is used, under 
the conditions specified by the ABCB.  
Star rating adjustment.  Dwellings under 200m2 are given an area adjustment rating 
that increases their star rating. The smaller the floor area, the bigger the adjustment 
and the more the star rating is increased.  For houses over 200m2 the opposite is the 
case. 
Energy 
Consumption 
The Green Star Multi-Unit Residential Green House Gas Emissions Guide is used to 
calculate typical energy consumption for typical units. Then the anticipated energy 
density of the typology is calculated. This is not a measure of energy consumption 
per square metre of living space, rather it is the energy density predicted for the 
scope of development. Energy consumption of developments will vary based on the 
number of dwellings per site area, and heating and cooling requirements as measured 
by BERS. With a higher development density the energy density of the site increases. 
However the developed design solution will influence the space conditioning 
requirements, and can result in different energy densities between sites with the same 
development density. 
Renewable Energy Area calculations are based on Thin film Amorphous Photovoltaic solar panels – 
these are the most shade tolerant, have least embodied energy, most power 
efficiency, greatest insulation benefits, but are the least space efficient of PV panels 
currently available on the market. 
Acoustic Amenity Desktop review only of acoustics and environmental noise considerations. 
 
